Abstract: Reaction of 4-anthracen-9-yl-4-oxo-but-2-enoic acid (1) with indole gave the corresponding butanoic acid 2. Cyclocondensation of 2 with hydrazine hydrate, phenyl hydrazine, semicarbazide and thiosemicarbazide gave the pyridazinone derivatives 3a-d. Reaction of 3a with POCl 3 for 30 min gave the chloropyridazine derivative 4a, which was used to prepare the corresponding carbohydrate hydrazone derivatives 5a-d. Reaction of chloropyridazine 4a with some aliphatic or aromatic amines and anthranilic acid gave 6a-f and 7, respectively. When the reaction of the pyridazinone derivative 3a with POCl 3 was carried out for 3 hr an unexpected product 4b was obtained. The structure of 4b was confirmed by its reaction with hydrazine hydrate to give hydrazopyridazine derivative 9, which reacted in turn with acetyl acetone to afford 10. Reaction of 4b with methylamine gave 11, which reacted with methyl iodide to give the trimethylammonium iodide derivative 12. The pyridazinone 3a also reacted with benzene-or 4-toluenesulphonyl chloride to give 13a-b and with aliphatic or aromatic aldehydes to give 14a-g. All proposed structures were supported by IR, 1 H-NMR, 13 C-NMR, and MS spectroscopic data. Some of the new products showed antibacterial activity.
Introduction
In recent years a substantial number of 6-aryl-3-(2H)-pyridazinones have been reported to possess antimicrobial [1, 2] , potent analgesic [3] , anti-inflammatory [3] [4] [5] [6] [7] , antifeedant [8] , herbicidal [9] , antihypertensive [10] [11] [12] and antiplatelet activities [13] [14] [15] , anticancer effects [16] and other anticipated biological [17] and pharmacological properties [18, 19] . In particular, a large number of indolylpyridazinone derivatives are well known as antimicrobial agents [1, 20] , intermediates for drugs and agrochemicals [21, 22] , antiphlogistics [23] , antipyretics [24] , inflammation inhibitors [25] , blood platelet aggregation inhibitors, cardiovascular and antihypertensive agents [26] . As part of our program aimed at utilizing β-aroylpropionic acid derivatives containing the indole moiety as starting materials for the synthesis of pyridazine and pyridazinone derivatives, these reports of interesting biological activities prompted us to synthesize a new series of 6-anthracenepyridazinones containing indolyl moieties through the nucleophilic addition of indole to 6-anthracene-4-oxo-2-butenoic acid, followed by cyclocondensation of the resulting adduct to give the corresponding dihydropyridazinone and to screen some of these new compounds for antibacterial activity.
Results and Discussion
4-Anthracen-9-yl-4-oxo-but-2-enoic acid (1) was prepared following a reported procedure [1, 27] . Reaction of 1 with indole in dry benzene gave 4-anthracen-9-yl-2-(1H-indol-3-yl)-4-oxo-butyric acid (2) . Cyclocondensation of 2 with hydrazine hydrate, phenyl hydrazine, semicarbazide and thiosemicarbazide in dry benzene [28] [29] [30] [31] gave 6-anthracen-9-yl-4-(1H-indol-3-yl)-4,5-dihydro-2H-pyridazin-3-one, 6-anthracen-9-yl-4-(1H-indol-3-yl)-2-phenyl-4,5-dihydro-2H-pyridazin-3-one, 3-anthracen-9-yl-5-(1H-indol-3-yl)-6-oxo-5,6-dihydro-4H-pyridazine-1-carboxylic acid amide and 3-anthracen-9-yl-5-(1H-indol-3-yl)-6-oxo-5,6-dihydro-4H-pyridazine-1-carbothioic acid amides 3a-d, respectively (Scheme 1). Physical properties, mass spectral data and elemental analyses for the synthesized compounds 1-3d are given in Table 1 . Table 1 . Physical properties, mass spectral data and elemental analyses for compounds 1-3.
Reaction of pyridazinone 3a with POCl 3 for 30 min gave the chloropyridazine derivative 4a [32] , which reacted with carbohydrate hydrazones of ribose, glucose, galactose and lactose in ethanol to give hydrazonopyradazine derivatives 5a-d [6, 12] . Mixing chloropyridazine 4a with aliphatic or aromatic amines, namely methylamine, ethylamine, aniline, sulphanilinic acid, α-naphthylamine or diphenylamine in dry benzene gave pyridazine derivatives 6a-f [7, 12, 33] . In addition, 4a reacted with anthranilic acid in dry benzene to give 7 (Scheme 2) [1, 30, 32] . Physical properties, mass spectral data and elemental analyses for all newly synthesized compounds 4a-7 are listed in Table 2 Table 2 . Physical properties, mass spectral data and elemental analyses for compounds 4-7.
Surprisingly, when the reaction of 3a with POCl 3 was carried out for 3 hr an unexpected product, 6-anthracen-9-yl-6-chloropyridazine (4b), was obtained via dearylation and substitution of the hydroxyl group by chlorine [20] (Scheme 2). The structure of 4b was proven by the similarity of its melting point to that of an authentic sample which was independently prepared by the reaction of 4-anthracen-9-yl-4-oxo-but-2-enoic acid (1) with hydrazine hydrate in dry benzene and treatment of the resulting pyridazinone 8 with POCl 3 for 30 min to give 4b (Scheme 3) [1, 5, 7, 30, 31] . Reaction of chloropyridazine 4b with hydrazine hydrate in boiling benzene [34] gave the hydrazinopyridazine derivative 9, whose structure was inferred from its infrared spectrum. The structure of 9 was further confirmed by its reaction with acetyl acetone in boiling methanol that gave 3-anthracen-9-yl-6-(3,5-dimethylpyrazol-1-yl) pyridazine (10) [5, 6, 14, 32] . As a point of interest, it was observed that reaction of 4b with methylamine at 140 °C afforded 11. On the other hand, when compound 11 was reacted with excess CH 3 I in methanol the quaternary ammonium iodide derivative 12 was formed (Scheme 3). Physical properties, mass spectral data and elemental analyses for all newly synthesized compounds 8-12 are given in Table 3 . Table 3 . Physical properties, mass spectral data and elemental analyses for compounds 8-12.
Analysis
The reaction of pyridazinone 3a with benzene/4-toluenesulfonyl chloride and anhydrous K 2 CO 3 in dry acetone at reflux for 24 hr gave 6-anthracen-9-yl-4-(1H-indol-3-yl)-2-(benzenesulfonyl or 4-toluenesulfonyl)-4,5-dihydro-2H-pyridazin-3-ones 13a and 13b, respectively. Pyridazinone 3a also reacted with same aliphatic and aromatic aldehydes namely formaldehyde, acetaldehyde, benzaldehyde, 2-hydroxybenzaldehyde, 4-hydroxybenzaldehyde, 2-methoxybenzaldehyde, 4-methoxybenzaldehyde, 2,4-dimethoxybenzaldehyde, 2-hydroxynapthaldehyde and furfuraldehyde to give pyridazinone derivatives 14a-j, respectively (Scheme 4). Physical properties, mass spectral data and elemental analyses for all new compounds 13a-14j are given in Table 4 . 

Biological Screening
The activities of some of the prepared compounds against representative Gram positive and negative bacteria were tested by the disk diffusion method [1, 8, 35] . The results are listed in Table 5 . From the data it is clear that compounds 6b, 14i possess high activity against both types of bacteria, while compound 6c displays low activity. Compounds 1 and 6b possess high activity, compounds 2, 3a-3d, 4a, 5a, 5d, 14g, 14i possess moderate activity and compounds 6c and 13a possess less activity against Gram positive strains. As far as Gram negative microorganisms are concerned, compound 14i showed high activity, while compounds 1, 2, 3a, 3b, 3d, 4a, 5a, 5d, 6b, 13a and 14g all displayed moderate activity and 3c and 6c possess less activity against such microorganisms. 
Conclusions
A novel synthesis of some new indolylpyridazinone derivatives by cyclocondensation of indolylbutyric acid 2 with hydrazine hydrate and its derivatives to give pyridazinone derivatives 3a-d is described. The reactions of pyridazinone 3a with PCl 5 /POCl 3 , arylsulphonyl chloride derivatives and aliphatic or aromatic aldehydes were studied, as were the behaviors of chloropyridazine derivatives towards hydrazine hydrate, carbohydrate hydrazones and aliphatic or aromatic amines. The structures of all new synthesized compounds were established from their spectral data and elemental analysis. Additionally, the antimicrobial activity of selected compounds against Gram positive and negative bacteria is reported. properties, mass spectral data and elemental analysis are given in Table 1 .
4-Anthracen-9-yl-2-(1H-indol-3-yl)-4-oxo-butyric acid (2).
Indole (10 mmol) was added to a solution of 4-anthracen-9-yl-4-oxo-but-2-enoic acid (1, 10 mmol) in dry benzene (10 mL) and the reaction mixture was refluxed for 6 hr. The solid that separated on cooling was recrystallized from benzene to give compound 2 as white crystals, yield 80%; IR (cm -1 ): Table 1 .
General method for the preparation of 3a-d:
Hydrazine hydrate derivatives (10 mmol) were added to a solution of 2 (10 mmol) in dry benzene (5 mL) and the resulting reaction mixture was refluxed for 6 hr. The solid that separated on cooling was recystallized from benzene to give compounds 3a-d. Their physical properties, mass spectral data and elemental analysis are given in Table 1 . -9-yl-4-(1H-indol-3-yl)-4,5-dihydro-2H-pyridazin-3-one (3a) . 
6-Anthracen
6-Anthracen-9-yl-4-(1H-indol-3-yl)-2-phenyl-4,5-dihydro-2H-pyridazin-3-one (3b).
Obtained from phenyl hydrazine and 2 as white crystals, yield 79%; IR (cm 
3-Anthracen-9-yl-5-(1H-indol-3-yl)-6-oxo-5,6-dihydro-4H-pyridazine-1-carboxylic acid amide (3c).
Obtained 
3-Anthracen-9-yl-5-(1H-indol-3-yl)-6-oxo-5,6-dihydro-4H-pyridazine-1-carbothioic acid amide (3d).
Obtained from thiosemicarbazide and 2 as white needles, yield 87%; IR (cm 
3-(6-Anthracen-9-yl-3-chloropyridazin-4-yl)-1H-indole (4a).
POCl 3 (5 mL) was added to 3a (10 mmol) and the reaction mixture was heated on oil bath for 30 min, set aside to cool and then poured onto crushed ice (60 g), filtered, washed well with water and recrystallized from benzene to give 4a as a brown solid, yield 81%; IR (cm C=N-N) . Physical properties, mass spectral data and elemental analysis for compound 4a are given in Table 2 .
3-Anthracen-9-yl-6-chloropyridazine (4b).
Method A: POCl 3 (5 mL) was added to 3a (10 mmol) and the reaction mixture was heated on oil bath for 3hr, then set-aside poured on to 60 g crushed ice, filtered, washed well with water and recrystallized from benzene to give 4b as a brown solid, yield 81%. C=N-N) . Physical properties, mass spectral data and elemental analysis for compound 4b are given in Table 2 .
General procedure for the reaction of chloropyridazine 4a with carbohydrate hydrazones.
The appropriate carbohydrate hydrazone (1 mmol) was added to a mixture of 4a (1 mmol) in ethanol (5 mL) and the reaction mixture was refluxed for 6 hr. The solid that separated on cooling was recystallized from ethanol to give compounds 5a-d. Physical properties, mass spectral data and elemental analysis for compounds 5a-d are given in Table 2 .
(2R,3S,4S)-5-{[6-Anthracen-9-yl-4-(1H-indol-3-yl)pyridazin-3-yl]hydrazono}pentane-1,2,3,4,-tetraol (5a).
Ribose hydrazone gave compound 5a as an orange solid, yield 57%; IR (cm 
(2R,3R,4R,5S)-6-{[6-Anthracen-9-yl-4-(1H-indol-3-yl)pyridazin-3-yl]-hydrazono}-hexane-1,2,3,4,5-pentaol (5b).
Glucose hydrazone gave compound 5b as a yellow solid, yield 52%; IR (cm 
(2R,3S,4R,5S)-6-{[6-Anthracen-9-yl-4-(1H-indol-3-yl)pyridazin-3-yl]hydrazono}-hexane-1,2,3,4,5-pentaol (5c).
Galactose hydrazone gave compound 5c as a white solid, yield 55%; IR (cm 
6-{[6-Anthracen-9-yl-4-(1H-indol-3-yl)pyridazin-3-yl]hydrazono}-3-(3,4,5-trihydroxy-6-hydroxymethyltetrahydropyran-2-yloxy)-hexane-1,2,4,5-tetraol (5d).
Lactose hydrazone gave compound 5d as a white solid, yield 58%; IR (cm 
General reaction of chloropyridazine 4a with aliphatic or aromatic amines
The aliphatic or aromatic amine (1 mmol) was added to a mixture of 4a (1 mmol) in dry benzene (5 mL) and the reaction mixture was heated in oil bath for 6 hr. The solid that separated on cooling was recrystallized from benzene to give compounds 6a-f. Their physical properties, mass spectral data and elemental analysis are given in Table 2 .
[6-Anthracen-9-yl-4-(1H-indol-3-yl)-pyridazin-3-yl]-methylamine (6a).
Methylamine gave 6a as a white solid, yield 67%; IR (cm 
[6-Anthracen-9-yl-4-(1H-indol-3-yl)-pyridazin-3-yl]-ethylamine (6b).
Ethylamine gave 6b as a brown solid, yield 52%; IR (cm [
6-Anthracen-9-yl-4-(1H-indol-3-yl)-pyridazin-3-yl]-phenylamine (6c).
Aniline gave 6c as white needles, yield 72%; IR (cm [
6-Anthracen-9-yl-4-(1H-indol-3-yl)-pyridazin-3-yl]-naphthalen-1-yl amine (6e).
α-Naphthylamine gave 6e as a light brown solid, yield 58%; IR (cm 
2-Anthracen-9-yl-4-(1H-indol-3-yl)-1,9-a,10-triaza-anthracen-9-one (7).
Anthranilic acid (1 mmol) was added to a mixture of 4a (1 mmol) in dry benzene (5 mL) and the reaction mixture was refluxed for 6 hr. The solid that separated on cooling was recystallized from benzene to give 7 as a brown solid, yield 65%; IR: 1600 (C=C) 
6-Anthracen-9-yl-2H-pyridazin-3-one (8).
Hydrazine hydrate (1 mmol) was added to a solution of 4-anthracen-9-yl-4-oxo-but-2-enoic acid (1, 1 mmol) in dry benzene (10 mL) and the reaction mixture was refluxed for 6 hr. The solid that separated after concentration and cooling was recrystallized from benzene to give 8 as white needles, 
6-Anthracen-9-yl-pyridazin-3-yl) hydrazine (9).
Hydrazine hydrate (1 mmol) was added to a solution of 4b (1 mmol) in dry benzene (10 mL) and the reaction mixture was refluxed for hr. The solid that separated was recrystallized from dry benzene to give 9 as buff crystals, yield 70%; IR (cm 
3-Anthracen-9-yl-6-(3,5-dimethylpyrazol-1-yl)pyridazine (10).
Acetylacetone (1 mmol) was added to a mixture of 9 (1 mmol) in methanol (10 mL) and the reaction mixture was refluxed for 5 hr. The solid that separated after cooling was recrystallized from methanol to give 10 as yellow crystals, yield 62%; IR (cm 
6-Anthracen-9-yl-3-methylamino-pyridazine (11).
Methylamine (1 mmol) was added to a mixture of 4b (1 mmol) and the reaction mixture was heated for 4 hr on an oil-bath at 140 °C; then cooled and triturated with methanol. The solid that separated was recrystallized from methanol to give 11 as white crystals, yield 56%; IR (cm (6-Anthracen-9-yl-pyridazin-3-yl)trimethylammonium iodide (12) .
Excess methyl iodide (5 mL) was added to a mixture of 11 (1 mmol) in methanol (10 mL) and the reaction mixture was refluxed for 8 hr. After evaporation of all the solvent, the solid residue was recrystallized from methanol to give 12 as white crystals, yield 85%; IR (cm 
6-Anthracen-9-yl-2-benzenesulfonyl-4-(1H-indol-3-yl)-4,5-dihydro-2H-pyridazin-3-one (13a).
Benzenesulfonyl chloride (1 mmol) was added to a mixture of 3a (1 mmol), anhydrous K 2 CO 3 (1 mmol) in dry acetone (5 mL) and the reaction mixture was refluxed for 24 hr. The solid that separated on cooling was recystallized from benzene to give 13a as a white solid, yield 75%; IR (cm -1 ): 1337- 
6-Anthracen-9-yl-5-(2-hydroxybenzylidene)-4-(1H-indol-3-yl)-4,5-dihydro-2H-pyridazin-3-one (14d
6-Anthracen-9-yl-5-(4-hydroxybenzylidene)-4-(1H-indol-3-yl)-4,5-dihydro-2H-pyridazin-3-one (14e).
4-Hydroxybenzaldehyde gave 14e as a buff solid, yield 72%; IR (cm 
6-Anthracen-9-yl-4-(1H-indol-3-yl)-5-(2-methoxybenzylidene)-4,5-dihydro-2H-pyridazin-3-one (14f
6-Anthracen-9-yl-4-(1H-indol-3-yl)-5-(4-methoxybenzylidene)-4,5-dihydro-2H-pyridazin-3-one (14g
